This publication deals with the dra of measurement chain for application of synthetic organic liquid Hydros Uni in agricultural tractor Zetor Proxima 7441. The used organic liquid was evaluated on the basis of its eff ect on the technical condition of hydrostatic converter UD 20. By the dra ed measurement chain, it was performed individual measurements which were realized by specifi c engine speed and prescribed temperature. Then, the fl ow values were statistically analyzed. From the obtained results, it could be concluded that the proposed measurement chain meets the requirements for measuring the fl ow characteristics of liquids. Based on the results show, organic synthetic transmission hydraulic fl uid does not negatively aff ect the technical condition of the tractor hydraulic pump.
INTRODUCTION
Machinery works in agricultural sector is characterized by its demanding operation, contact with primary products and all the elements of the environment. Therefore, it is necessary to examine the idea of the possible harmfulness of agricultural machinery on the environment. In terms of water resources, ground water and soil, it is necessary to address the impact of the used gearbox hydraulic fi llings. At present, in most of the agricultural machinery, there are used conventional manufactured mineral liquids. In the case of unforeseen failure, in a very short time period, they are able to largely cause soil and water pollution (Majdan et al., 2011; Hujo et al., 2012) . Therefore, the biodegradable fl uids on the synthetic and plant base are slowly pushing to forefront. Because of the tightening legislation, it can be expected replacement of conventionally produced liquids with organic ones. The impact of these fl uids to diff erent parts of the gear hydraulic circuit of the agricultural machinery has not been fully clear yet. Therefore, it is necessary to perform more laboratory and fi eld testing (Machal et al., 2013; . This publication deals with the dra of the measurement chain for such a testing and there is also described the operational examination of organic liquid. This liquid serves as a common gear hydraulic fi lling in tractors and there is monitored its impact on the technical condition of tractor hydraulic pump.
Due to advantages in renewability and environmental acceptability, bio-sourced and biodegradable hydraulic fl uids are increasingly used in fl uid power applications (Shick, 2008) . In this time, the diff erence between a conventionally produced fl uid and ecological fl uid is two or three times of the price. Therefore, it is necessary to look for new solutions how to extend the technical life, which could have an eff ect on their increased use (Tkáč et al., 2012) . The consumption of ecological fl uids in the EU is 0.12 Mt per year from total world production of 35 Mt per year (Mosolygó et al., 2008) . Almost 50% of all the sold oils in the world fi nish at present times as forfeits during the operation in nature (Jakob, 2006) . Over 60% of lubricants used in the world are lost in the environment. Vegetable oils are capable to contribute to the goal of energy independence and security since they are a renewable resource (Campanella et al., 2010) .
MATERIAL AND METHODS

Dra of the Measurement for Flow Characteristics Measurements
Measurement of fl ow characteristics is an important part in evaluation of the impact of functional fl uids for hydraulic pump. Before applying the new fl uid in operation is important test it under laboratory conditions. By application of laboratory test device and measuring of fl ow characteristics under laboratory conditions also published authors Machal et al. (2013) , , Kosiba et al. ( , 2012 , Tulík et al. (2013) , Hujo et al. (2012) .
To establish a methodology for the fl ow of hydraulic characteristics of hydraulic pumps measuring, it is needed to set up the components that would be used to achieve the intended results. The most important components include a fl ow sensor, pressure sensor, temperature sensor, recording unit, load member and joint fl ange. By the dra of the measurement chain, it is required to follow the certain measurement conditions. The most important condition by measuring of the fl ow characteristics of hydraulic pumps is the oil temperature. The temperature must be maintained at constant value, because the viscosity of the oil depends on it. At the same time, by measuring of the fl ow characteristics, the oil temperature must be on operating value. Another extremely important parameter is revolution of hydraulic pump. The hydraulic pump revolution will be monitored based on the combustion engine revolution among which is transference.
To evaluate the fl uids in operating conditions, it was dra ed the measuring chain with respect to the least possible interference to the operation of the tractor. Methodology proposal for the fl ow characteristics measurements of hydraulic pump is based on the requirements to simplify testing of hydraulic oils or hydraulic pumps. Previously by operational testing, the hydraulic pump was removed from the tractor to the needs of investigation of the fl ow characteristics and subsequently it was fi tted to the experimental laboratory equipment. This process disturbed the operation of the tractor in an important way and made the test more expensive and prolonged. As a result of this removal and the sequent fi tting of hydraulic pump to the tractor or experimental laboratory equipment, it was increased demands on the staff respectively the time spend on these activities. Therefore, it is meaningful to carry out the measurement of hydraulic pumps fl ow characteristics directly on tractors in compliance the basic conditions, in order to meet the requirements for the accuracy and reliability of measurement results.
The fl ow, temperature and pressure sensors were placed on the joint fl ange Hydac. On the both ends of the joint fl ange Hydac, there were placed gladhands. On the inlet side of the joint fl ange Hydac (oil infl ow from the tractor distributor), there was placed plug-in "male" gladhand and on the output side (oil run-off from the joint fl ange), there was 1: Measurement chain schema and measuring elements connection (R1, R2 -gladhands, Q -fl ow sensor EVS 3100, p 1 , p 2 -pressure sensors HDA 3774-A-600-000, t 1 , t 2 -temperature sensors ETS 4144-A-000, V -fl ow control valve placed plug "female" gladhand. The measuring device was placed between the exit gladhand from the tractor and loading equipment Owatona. With this loading equipment, it is possible to reach desired operating temperature of the used oil (50 °C) through the throttle valve. The temperature has to be holds on specifi ed value to adjust the measurement errors by reason of viscosity changes (higher temperature = higher viscosity). Also direction of the location of gladhands on the joint fl ange Hydac is very important due to the fact that the fl ow sensor EVS 3100 has propeller construction which regulate the direction of the oil fl ow. Loading equipment Owatona closes hydraulic circuit what ensure the fl ow of oil through the measuring device. Another extremely important parameter is hydraulic pump revolution. The revolution of the hydraulic pump will be monitored based on revolution of the combustion engine, whereas the internal combustion engine and the hydraulic pump axle ratio i = 1.467 reducing. See Tab. I. The used hydraulic pump was UD 20 type. It is one-direction hydraulic gear pump made by the company Jihostroj Aero Technology and Hydraulics. This gear pump is equipped with the hydraulic balancing of axial clearance, which is done by sealing in the end face bearings. It has the application in smaller and medium agriculture and construction machines.
The Object of Measurement
To choose the agricultural tractor for testing, it was taken into account analysis of the sale of agricultural tractors and the utilization of tractors on farms in Slovakia. By these criteria, it was selected tractor Zetor Proxima 7441. Before application of biodegradable oil, there was removed oil from the gear -hydraulic circuit and transmission -hydraulic circuit was purifi ed. At the same time, the new oil fi lter was fi tted to the tractor. To the gear -hydraulic circuit of the tractor, there was applied selected biodegradable synthetic tractor oil.
Organic Fluid
For the performance testing, it was selected oil HYDROS UNI, from BIONA JERSÍN, Ltd., Jersín, Czech Republic. HYDROS UNI is versatile biodegradable synthetic oil designed for gearings, hydraulic systems and wet brakes. Technical parameters and biodegradation of the oil are shown in Tab. II.
The time of universal biodegradable oil HYDROS UNI testing in agricultural tractor Zetor Proxima 7441 was set at 2.000 engine hours. This testing interval is determined by the technical specifi cation given by the tractor manufacturer. The fl ow effi ciency of the hydraulic pump was defi ned from measured values and their statistical processing by standardized normal distribution. Calculation of the fl ow effi ciency is based on the relationship (1) (Majdan et al., 2011) . 
RESULTS
The Flow Characteristics of Hydraulic Pumps
Measurement of the fl ow characteristics of hydraulic pump for tractor Zetor Proxima 7441 was performed by using the newly proposed measuring chain. Measurement of the fl ow characteristics was made at the beginning of a performance testing of biodegradable synthetic oil HYDROS UNI. In Fig. 2 , there are the fl ow characteristics and the fl ow effi ciency of tractor hydraulic pump.
The highest fl ow characteristic was found out at nominal revolution of hydraulic pump. The fl ow rate of hydraulic pump was deceasing by the all measurement depending on the pressure. Application of the standardized normal distribution allows evaluate the measured fl ow effi ciencies in qualitative terms, since not being taken into account all measured data but only 68.27% of the data from the statistical fi le. Based on the results of the hydraulic pump fl ow effi ciency, it is possible to state that the liquid had not a negative impact on the technical condition of the converter as it was not exceeded the limit of 20% decreasing of the fl ow effi ciency set by the manufacturer. The highest fl ow effi ciency was measured at 582 rpm of engine.
DISCUSSION
There were made application of biodegradable synthetic oil MOL Farm UTTO Synt in agricultural tractor Zetor Forterra 114 41. The fl ow characteristics of hydraulic pump were investigated at experimental laboratory equipment so the hydraulic pump was removed from tractor and then mounted on laboratory equipment. There was not found negative impact of the oil MOL Farm UTTO Synt for hydraulic pump operation located in hydraulic circuit of the tractor by fl ow characteristics measurements Tulik et al., 2013; Majdan et al., 2011) . Measurements published in this article were executed directly on the tractor in verifying the fl ow characteristics of hydraulic pump but the conclusion is the same as these authors. 
SUMMARY
In adduced publication, there is proposed and carried methodology for fl ow characteristics measurement of hydraulic pump directly on the tractor. This proposal was in the next section applied to the tractor Zetor Proxima 7441. The main advantage of this proposal is that it can be virtually applied to all types of agricultural tractors because measurements are carried out through external hydraulic outlets -joint fl ange. To reduce the negative impact of agricultural tractors activities on the environment, there was applied biodegradable synthetic oil HYDROS UNI in the gearhydraulic circuit of the tractor Zetor Proxima 7441. Operational test of this oil was set at 2.000 engine hours. During the performance test, it was taken oil samples from the tractor at intervals of 250 engine hours. Simultaneously, it was observed the impact of this oil on the fl ow characteristics of hydraulic pump. The main advantage for praxis is, that was not detected negativ impact on hydraulic pump UD 20 and thus on hydraulic circuit and therefore, the biodegradable fl uid is suitable as a substitute for conventionally made fl uids. The main disadvantage of application of biodegradable oil in the tractor gear -hydraulic circuits is mainly the price of these types of oils. Their price is high more than three times compared to standard mineral oil. Therefore it is not possible wider distribution within the farms in Slovakia at present. To extend the usage of biodegradable oils, it is required legislative intervention by the state respectively taxes or subsidy policy.
